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TRE X-IRRADIATION OF HYDRAZIXE AM) l9l-DI3ETH!fLH!lDRAZIN3 

'By Harold Lucien" and Murray L. Pinns 

Lewis Research Center 
Cleveland, Ohio 

ABSTRACT 

Hydrazine and 1,l-dimethylhydrazine w e r e  i r radiated a t  room temperature 

i n  both the l iqu id  and the vapor phase with 0.1 t o  1.0 Angstrom X-rays at 

in t ens i t i e s  of W102 t o  lx103 roentgens per minute and with t o t a l  doses.,up t o  

2. 3x106 rads. This resul ted i n  0.3- t o  31-percent decomposition with decreasing 

sens i t iv i ty  t o  X-radiation as follows: hydrazine vapor, 1,l-dimethylhydrazine 

vapor, 1,l-dimethylhydrazine liquid, and hydrazine l iquid.  

INTRODUCTION 

This study i s  a continuation (ref. 1) of an e f fo r t  t o  determine the 

e f fec ts  of ionizing radiat ion on the space s to rab i l i t y  of chemical rocket 

propellants. The investigation was limited t o  a survey of the  e f f ec t s  of 

X-rays ( 0 . 1 t o  1.0 A) on l iqu id  and vapor samples of hydrazine and 1,l- 

dimethylhydrazine (UDMH) i n  borosil icate glassware at  room temperature and 

at  in t ens i t i e s  of 1.0x102 t o  L O X 1 0 3  roentgens per minute. Dose-damage 

re la t ions  were determined f o r  the radiation decomposition of the two phases 

of both compounde. Information was also obtained concerning the  dependence 

of the hydrazine-vapor decomposition on surface area. 

APPARATUS AND PROCEDURE 

Star t ing materials were 99.9-percent pure and were obtained from 

Present address, Polypeptide Laboratories, U. S. Veterans Hospital, * 
New Orleans, Louisiana 
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Figure 4 -Effect of surface a m  on hydrazine decomposition. 
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Figure 5. - The X-irradiation of 1, ldimethylhydrazine vapor. Sample weight, R. 9 grarrg dose rde, loo0 rads per minute. 
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commercial products by dehydration over calcium hydride and low temperature 

bulb-to-bulb fractionation as described i n  reference 2. Freshly distilled 

products w e r e  used f o r  each radiation experiment. 

ducted i n  sealed borosi l icate  glassware. G a s  c e l l s  ( f ig .  l(a)! w e r e  

I r radiat ions w e r e  con- 

spherical  and of 1- o r  2- l i te r  capacity; l i qu id  cells ( f ig .  l ( b ) )  w e r e  con- 

s t ructed from 8-millimeter-inside-diameter glass  tubing and had capacit ies 

of approximately 10 milliliters. Both l i qu id  and gas c e l l s  were provided 

w i t h  side arms t o  permit the introduction of the sample and the transference 

of i r rad ia t ion  products from the ce l l  t o  the  vacuum system. I n  addition, gas 

c e l l s  w e r e  provided with a pressure transducer t o  follow pressure changes 

during the i r rad ia t ion  and a U-shaped t r a p  f o r  condensing the contents of 

the  cel l .  

The glassware was cleaned with a sulfur ic-ni t r ic  acid mixture, rinsed 

with t a p  and d i s t i l l e d  water, and oven dried. 

a t  

I r rad ia t ion  c e l l s  w e r e  degassed 

millimeter of mercury and 300° C and charged w i t h  a known quantity of 

sample. Liquid nitrogen was used t o  freeze the sample while the c e l l  was 

sealed off and removed from the vacuum l ine .  The l i qu id  c e l l  w a s  placed i n  a 

bored lead brick t h a t  contained a por t  on the  f ront  face that w a s  continuous 

w i t h  the bore ( f ig .  l ( b ) ) .  I n  t h i s  manner, approximately half  of the l iqu id  

was exposed t o  primary X-radiation. 

beam while a 1/2-inch lead shield protected the  pressure transducer. 

Borosilicate-glass tubing (1.72-mm O.D., 20-m length, and 0.2-mm wall) w a s  

inser ted in to  the gas c e l l  t o  provide additional surface a s  w a s  required. 

The en t i r e  gas cell  w a s  exposed t o  the 

The X-radiation was provided by a tungsten-target generator operating at  

300 k i lovol t s  ana 6 t o  8 milliamperes. In t ens i t i e s  i n  the  range N O 2  t o  

1x103 roentgens per minute w e r e  used. 
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In order t o  confirm that the radiation in tens i ty  w a s  constant, the  dose 

r a t e  w a s  monitored continuously with a roentgen r a t e  meter which w a s  equipped 

with a probe that w a s  covered with a borosilicate-glass thimble of the same 

thickness ES t h e  irrsc?l&ion c e l l  wall. !!%is pr&e wag placed next t n  the 

l iqu id  samples and a t  the spherical surface nearest the X-ray port f o r  gas 

samples. The absorbed radiation dose w a s  determined by first conducting 

ferrous sulfate  dosimetry i n  ce l l s  having the same dimensions as the radia- 

t i o n  c e l l s  (Fe+' -+ Fe+3, G = 15.5+_0.4 where 

ions converted t o  f e r r i c  ions per 100 ev of absorbed energy) by the  method 

of reference 3 and then by multiplying the r e su l t  by the r a t i o  of the elec- 

t ron density of the i r radiated compound t o  the electron density of the  

ferrous sulfate  solution. 

G i s  the number of ferrous 

An indication of the r a t e s  of degradation i n  the vapor-phase irradia- 

t i ons  was obtained from the pressure-time traces; however, most of the data 

were obtained from chemical analyses performed within 1/2 hour a f t e r  absorp- 

t i o n  of the predetermined doses. Liquid samples were first frozen i n  l iqu id  

nitrogen, and the permanent gases, nitrogen and hydrogen, were pumped off 

and anlyzed by gas chromatography and mass spectroscopy. These samples were 

then roughly fractionated by being passed through a se r i e s  of t raps  main- 

tained a t  different  reduced temperatures. The contents of each t r a p  were 

analyzed by infrared spectroscopy or gas chromatography. 

of many of the fract ions were sealed off  i n  glass  ampoules and stored a t  

room temperature. 

nitrogen and the permanent gases were pumped off. 

by infrared spectroscopy without further fractionation. 

Retained samples 

The i r rad ia ted  vapor samples were first frozen in l iqu id  

They were then analyzed 

8 -  
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RFEXJLTS AND DISCUSSIOIi 

Data from the X-irradiation of hydrazine and 1,l-dimethylhydrazine are 

sl;mmFlrized i n  tables I and II. These and other r e su l t s  are considered i n  the 

f G l 1 G X k i  scztisns. 

X- I r rad ia t  ion of Hydrazine 

Typical r e s - d t s  f o r  t'ne X-irradiation of hydrazine are  given i n  tab le  I. 

Two 0.025-gram samples of vapor Tlie effect  of dose rake  4s  comidered first. 

(experiEents 6 and 1 2 )  were i r radiated at  380 and 38 roentgens per minute, 

respectively, t o  a t o t a l  dose absorption of 13  rads, and a similar extent of 

decomposition (-3 percent) w a s  observed fo r  both samples. The G values and 

the r a t i o s  of nftyogex t o  bpkogenwere also the same for the two runs. 

l a r ly ,  two 0. g-grani l f q E i d  smples  (experiments 4 and 5) were exposed t o  

0. 5x103 and 1 . 0 ~ 1 9 ~  roentgens per dnu te ,  respectively, t o  t o t a l  dose absorp- 

S W -  

t ions  of 9 . 5 ~ 1 0 ~  rads per ahich about 0.9-percent decomposition was obsemd.  

Again the G - r & l x s  and r a t io s  of rritrogen t o  hydrogen were the same. There- 

fore, over the range of X-ray doses absorbed, the  radiation dose r a t e  does not 

affect  the net decoxposition far tne same t o t a l  absorbed dose, all other con- 

d i t ions  remainfng constant. 

A plot (ffg. 2 )  of pressure agafnst absorbed dose shows tha t  there i s  an 

i n i t i a l  nonlfnear period 13 the decomposition of hydrazine vapor; however, 

t h i s  i n i t i a t fon  period of aboct 2 t o  4 hours i s  re la t ive ly  short compmed t o  

the t o t a l  irracilation times i n  excess of 25  hours. After the i n i t i a t i o n  

process, the pressme, and therefore presumably the percent decomposition, 

of the vapor incsleased linearly wfYn absorbed dose. 

the percent decomposition of l i q u f d  hydrazine a l so  increased proportionally 

As shown i n  figure 3(a), 
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the t o t a l  dose. 

snow3 i n  f igure 3(b) .  

The change i n  decomposition of hydrazine vapor with dose 

Zn the kydrazine experiments the absorbed dose w a s  about lo5 times 

greater  i n  the l iqu id  than i n  the vapor phase f o r  approximately the same 

in tens i ty  and time of exposure. Tne calculated G values show t h a t  the 

decompmition per ra3 absorbed w a s  about la5 times greater  i n  the vapor 

phase, lepenaing 32 tr:e s d f a c e  area and the pressure of the vapor. 

Sme w x k  d m e  was aimed a t  determining the  e f f ec t s  of surface on the 

decomposition of Lydrazine. 'Inis work w a s  somewhat complicated because g lass  

i s  act ivated by X-radlation, and the r a t e  of decomposition i s  higher i n  

i r r ad i s t ed  glassware than i=1 new glassware. Borosil icate g lass  tu rns  dark 

brown under X-rays and, wkfle p a r t  of t h i s  color bleaches out a f t e r  exposure, 

most of the t i n t  i s  pel-maneit and can only be removed by fusing the glassware. 

Active s i t e s  on the s-uface of tne  t i n t ed  g lass  may play an important ro le  i n  

sustafnfng chemlesl reactions. I n  any caseg reproducible r e s u l t s  could only 

be obtained a f t e r  %ne glass was i r raa ia ted  by 2x106 roentgens, and the data 

reported herein were obthined a f t e r  such trestment. 

Tze e f f ec t  af  surface on the vapor-phase decomposition i s  shown i n  ex- 

periments 6 t'rirosq@ 1 2  of table  I and i s  p lo t ted  i n  f igure 4. Experiments 6, 

8, and 9, were idea t i ca l  except that  i n  the last  two experiments the c e l l  was 

packed with c a p i i l a v  borosil icate-glass tubing t o  increase the  surface area. 

I n  the ather  experimsnts, c e l l s  of la rger  and smaller volume were used, and 

the sampls size, the absorbed dose, and the b s e  r a t e  were different .  Figure 

4 shows t h a t  the  r e s a l t s  f f t  an  equation of the form 
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where 

G number of molecules of sample decomposed per 100 electron Bolts of 
absorbed energy 

m sample weight, g 

n, C constants 

For hydrazine vapor, the exponent n i s  approximately 1.9. The data for  

l iqu id  hydrazine are much more limited, but when also plotted i n  figure 4, 

indicate a much smaller exponent, approximately 0.6. Once reaction started, 

the surfaces were covered with s m a l l  bubbles. It might be expected that a 

much higher rate would then be observed since the  reaction r a t e  would be 

higher i n  the gas phase than i n  the l i qu id  phase. 

are  quenched i n  the l i q u i d  phase. 

Possibly active intermediates 

The i r rad ia t ion  of hydrazine (R2H4) formed, i n  addition t o  nitrogen, 

hydrogen, and ammonia, small amounts of materials having higher molecular 

weights than hydrazine, as w a s  shown by gas chromatography. 

were unstable and were best  observed by freezing out the radiat ion products i n  

l i qu id  nitrogen prior t o  turning off the  X-rays. 

These materials 

X-Irradiation of 1,l-Dfaetbylhydrazine 

Data f o r  the lfquid- and vapor-phase i r radfat ions of UDMH are given i n  

tab le  11. 

flasks.  

uid decomposed w a s  again proportional t o  the absorbed dose (f ig .  3 (c) ) .  

e f fec t  of the dose on vapor decomposition i s  shown i n  f igure 3(d). 

All vapor-phase experiments were performed i n  X-ray aged, %l i te r  

Tne effect  of v-arying surface area w a s  not studied. The percent l i q -  

The 

As with N$I* the  decomposition of UDMH per rad absorbed is several 
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orders of magnitude higher i n  the vapor than i n  the l iquid phase. 

dose plot  f o r  the vapor-phase reaction i s  s h m  i n  figure 5. 

A pressure- 

The i n i t l a l  

reduction i n  pressure indicates that a polymerization reaction asd possibly 

some condensation occurs i n  the ear* stages of the X-irradiation. This 

i n i t i a l  reduction is followed by a relat ively rapid increase i n  pressure 

and then by a slower steady pressure increase. 

i n  sanples taken during the time of minimum pressure. 

Unstable compaunds were fomd 

These compounds de- 

compsed i n  5 t o  20 minutes at room t e m p e r a t u r e  to hydrogen, nitrogen, di- 

methylamine, and t races  of other components. 

All the i r radiated UDMH samples produced ammonia, dimethylamine, nitrogen, 

hydrogen, and ether prodnetpl. When the product f’rom experhent 13 (table n) 
w a s  separated in to  se=n fractions by a two-stage trap-to-trap f’ractionation, 

it w a s  found t o  contain hydrogen, nitrogen, auunonia, methylamine, dimethyl- 

amine, nndecomposed UDMEI, and t h r e e  probably different, unstable components. 

The fract ions containing these unstable components decomposed i n  about 2 

months at  room temperature t o  form, i n  part, small quantit ies of viscous 

l iquids  w i t h  very low vapor pressures. The la t ter  l iquids  w e r e  not n l a t i l e  

a t  lom6 millimeters of mercury and room temperature. 

w a s  dark blue in i t i a l ly ,  turned r e d  on pumping, bat reverted t o  dark blue 

One of these residues 

on standing; another residue was brownish red. 

A significant aspect of the irradiation of hydrazine and UDMEI i s  the 

possibi l i ty  of postirradiation reactions induced by the primarg radiation 

effect. 

UDMH vapor. 

The phenomenon of postirradlation change w a s  most pronounced w i t h  

Similar effects, though small, w e r e  observed with the liquids. 

Formation of‘ vlscow products of the kind described w a s  not observed with 

hydrazine, although t ransient  products of molecular weightB greater than 

hydrazine were suspected. 
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4 In 
N 
N 

f w 

Sample 
weight, 
g 

Exper 
iment 

Dose 
rate 

(meter) 
r/min 

1 . ~ 0 ~  1 . ~ ~ 1 0 ~  
1 .o 1 .o 
1.0 1 .o 

.5 .5 
1.0 1.0 

/"f .907 

4 
5 .905 
1 

41.7 
25.0 
25.0 
33.3 
16.7 

TABLF: I. - X-IRRADIATION OF F M ) R A Z I d  

2.OK1o2 ---- ---- 2.1 
4.2 ---- 
2.5 
2.9 

---- 
---- 

L 4  

decem- NZ+HZ 

sample, percent ( S T P ) ~  N~/% 

nitrogen 
t o  

posed, hj-drogen , formed 

mly 

7.7 
7.7 

26.6 
7.7 
7.7 

0 . 3 ~ ~ 0 ~  
.48 
.38 
-38 
.38 
.084 
-038 

Liquid 

25.0 
25 .O 
25.0 
25.0 
41.7 
81.7 

250 

1.7 1.5 
.2 1.0 
.3 .5 
.2 1.0 --- 1.0 

13 5.96 0.80~0~ 0.88<103 14.7 
14 1.20 .86 .86 19.6 
15 1.20 1.0 1.0 41.7 
16  1.20 1.0 1.0 4.17 
1 7  1.20 .5 .5 33.3 

Values 
of G 
for  
decom- 
msit ion 

of 
wdrazine 

5.7X105 3.40 0.5 0.5 9.6X102 
7.5 4.70 1.0 10 

1 9  12.3 2.5 
1.9 
7.5 4.69 1.1 1.31 -3 1 :  

sample 
volume, 
cu cm 

18 0.85 0.9rn03 0.4Bx103 
1 9  .85 1.0 .48 
20 .86 1.0 .4a 

Cell  
surface 
area , 
aq CIE 

6 4.5 51 1.0 0.5 1.5 3 . W O  
41.7 470 5.5 .8 2.0 1.9 
4.17 48 .3 .3 .5 1.0 

6 
7 
8 
9 
10 
l l  
12 

0 -025 
-047 
.025 
.025 
.025 
.015 
.024 

1 . ~ 0 ~  
1.0 
1 .o 
1.0 
1.0 
.1 
-1 

13 ' 16 
~ 13 
13 

' 22 
12 

I 13 

2.9 
1.8 

30.6 
14.9 
4.5 
3 .O 

, 3.0 

14.7 
10.3 

5.7 2 .o 
2 .o --- 2 .o 

1020 
6.2 1020 

500 
7.1 1020 

a 0 All i r rad ia t ions  conducted at  room temperature, approximately 28 C. 
Vapor i r r ad ia t ions  conducted under an i n i t i a l  pressure of approximately 
13.5 mu Hg, vapor pressure of hydrazine a t  room temperature. 

%tan-& temperature pressure. 

TABIZ II. - X-IREWDTATIOR OF 1,l-D- (UT.Mfi)a 

530 
780 
1890 
1330 
530 
300 
530 

Exper- 
ment 

Dose r a t e  

sulfate 
solut ion)  

Irradi- 
a t i o n  

time, 
hr percent 

sample, 
rads 

UDMB 
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f--------------- 
7.23 in. (2 liters) 

5.10 in. (1 liter) - .  
<:B - beakoff 

of sample sample into 

r A  - cell sealed 
/‘ after introdudion fa transferring 

____-- T 19/38 

rPreSsure 
transducer 

‘U2-in. lead shield 
brick>’ 

(a) Gas cell. (b) Liquid cell. 
Figure L - Borosilicate cells usedto irradiate hydrazine and l, l-dimethylhydrazine. 

17 - 0 
r\ - -/ 
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I I I I I 
50 io0 150 200 250 

lrradidion time. hr 
I I I I 1 I I I I I I I I 
0 1 2 3 4 5 6 7 8  9 10 11 12 A 

Absorbeddose. rads 

(b) Experiment E dose rate, 100 roentsens per minute; cell surface area, 530 square centimeters. 

Figure 2 - X-irradiation of hydrazine vapor. Sample size, 0.025 gram. 
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(a) Hydrazine liqui4 a P-gram sample; cell surface 
area, 7.7 square centimeters. - 
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(b) Hydrazine M ~ T ;  a.025-gram sample; cell surface 
area, 530 square centimeters; volume, 1020 cubic 
centimeters. 

Absorbeddose, rads 

(13 l, 1-Dimethylhydrazine liquict 1.Bgram sample. (d) 1.1-Dimethylhydrazine vapor; 0.85-gram sample; 
surface area, 1098 square centimeters; volume, 
2050 cubic centimeters. 

3 u n  3. - E M  d size of absorbsd X-ray dDse on percent d#;onposition of hydrazine and l, 1-dimethylhydrazine (UDMH). 


